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l. Introduction

Aerial Information Systems, Inc. (AlS) was contracted by the Western Riverside County Regional
Conservation Authority to perform an update to their original 2005 Western Riverside Vegetation
Map. The project was funded through a Local Assistance Grant from the California Department
of Fish and Wildlife (CDFW). The original vegetation layer was created in 2005 using a baseline
image dataset created from 2000/01 Emerge imagery flown in early spring. The original map has
been used to monitor and evaluate the habitat in the Western Riverside County Multi-species
Habitat Conservation Plan (MSHCP).

An update to the original map was needed to address changes in vegetation makeup that have
occurred in the intervening years due to widespread and multiple burns in the mapping area,
urban expansion, and broadly occurring vegetation succession.

The update conforms to the standards set by the National Vegetation Classification System
(NVCS) published in 2008 by the Federal Geographic Data Committee. (FGDC-STD-005-2008,
Vegetation Subcommittee, Federal Geographic Data Committee, February 2008.) The update
also adheres to the vegetation types as represented in the 2008-second edition of the Manual of
California Vegetation (MCV2). Extensive ground based field data both within and nearby the
western Riverside County mapping area has been acquired since the completion of the project in
2005. This additional data has resulted in the reclassification of several vegetation types that are
addressed in the updated vegetation map.

The mapping area covers 1,017,364 acres of the original 1.2 million acres mapped in the 2005
study. The new study covers portions of the Upper Santa Ana River Valley, Perris Plain, and the
foothills of the San Jacinto and Santa Ana Mountains but excludes US Forest Service land.
(Figure 1) The final geodatabase includes both an updated 2012 vegetation map and a
retroactively corrected 2005 vegetation base layer. Vegetative and cartographic comparisons
between the newly created 2012 image-based map and the original vegetation map produced in
2005 are described in this report.

The Update mapping was performed using baseline digital imagery created in 2012 by the US

Department of Agriculture i Far m Service Agencyo6s National Agr i
(NAIP). Vegetation units were mapped using the National Vegetation Classification System

(NVCS) to the Alliance and Association level as depicted in the MCV2. Approximately 55% of the

study area is classified to vegetated or naturally occurring sparsely vegetated types; the remaining

45% is unvegetated, with over a third (36%) in urban development and an additional 9% in

agriculture. (Figure 2)
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Figure 1: Study Area for Western Riverside County

The study as depicted above contains 1,017,364 acres (1,590 square miles). The region is
bounded to the west by the Santa Ana Mountains and the east by the San Jacinto Mountains; to
the south, the study follows the County Line; the study area® northern boundary roughly follows
the northern boundary of USGS 7 ¥2 minute quadrangle maps between Corona and Cabazon.



Figure 2: Urban (red) and agriculture (yellow) in 2012

Agriculture and urban development account for nearly 456,000 acres in the MSHCP, nearly 45%
of the total area. This represents an approximately 5% increase from the original 2005 mapping
effort.

B. Project Background

In 2002, AIS was contracted by the California Department of Fish and Game (currently CDFW),
to create a vegetation map for Western Riverside County, in support of the Western Riverside
County Multi-species Habitat Conservation Plan (MSHCP). The project was performed over a
three year period, from 2002-2005. Two different eras of imagery were used for the
interpretations: Emerge imagery for the year(s) 2000/01, winter and early spring, natural color
image dataset served as the baseline for the vegetation polygon registration and delineations,
while year 2004 CIR imagery, obtained at a later stage of the project, was used to aid in the
identification of the vegetation types.

The California Nat i v &/egkthatianAliance® af Westerg Riverside ChuRty )
(2005) served as the project classification following NVCS guidelines. AIS performed three field
reconnaissance visits in spring and fall of 2002. The field crew consisted of three photo
interpreters from AlS, the state ecologist from CDFW, and CNPS field ecologists.

The field reconnaissance visits served two major functions. First, they enabled the photo
interpreters to relate the vegetation ground conditions at each observation site to the signatures
on the aerial imagery. Second, with guidance from ecologists in the field, the photo interpreters
became familiar with the flora, vegetation assemblages, and local ecology of the study area. At
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the same time, the ecologists gained understanding
assessing vegetation through the framework of map creation.

As preparation for the reconnaissance trips, AlS photo interpreters reviewed imagery on-screen
to identify and select potential sites to visit. Sites were selected to represent different vegetation
types and percent cover, as well as variations in geography, landform, and abiotic factors such
as percent slope, aspect, shape of the slope, and elevation. AlS staff noted sites within the study
area especially those in close proximity to roads and trails, which would facilitate travel to the sites
for observation. Hard copy maps were created for clusters of several nearby sites.

During the reconnaissance visits, the crew traversed the area in two vehicles, stopping at sites
the field crew deemed significant to study. Areas encountered in transit as well as areas of floristic
or biogeographical significance were visited in the field as observation points. In addition,
observation points were frequently taken to mark the transition between vegetation types, with
the intent of helping photo interpreters to determine the edges of stands. A single observation
point may have contained information about more than one stand. It was also possible for a given
stand to be assessed in multiple places. Some stands of vegetation were remotely observed at a
distance with the aid of binoculars. The location of these remote stands was determined using a
compass and laser rangefinder.

At many observation points, the crew took color ground photos. The photo number, direction the
photographer was facing, and other information about the photo was recorded on a field sheet
and later input into computer files for easy reference. The crewmembers also recorded each
location visited using a GPS unit and logged pertinent information on field sheets (See Figure 5 -
CNPS/AIS field reconnaissance sites and CNPS Rapid Assessment Plots). The field data (GPS
waypoints and site descriptions) and their corresponding linked ground photos were essential for
correlating conditions seen on the aerial imagery to conditions on the ground, and were useful
during the mapping effort.

The information gathered on the reconnaissance trips was used to assist the photo interpreters
in the delineation and type identification of the vegetation units. However, during the photo
interpretation process, it was common for the interpreters to encounter additional areas that were
guestionable or had confusing photo signatures. These questionable areas were delineated and
described on hardcopy media, then delivered to CNPS field ecologists, who subsequently visited,
and answered each of the questions. Common problems encountered by the photo interpreters
included difficulty separating out many of the coastal shrub & chaparral types, and difficulties in
post fire settings of recovering chaparral and coastal scrub where the cover was generally quite
low.

The final vegetation map was delivered to DFG (DFW) in 2005 (the map is commonly referred to
by the delivery date, rather than the baseline imagery or project start date, and will be referred to
as such in this document). The 2005 map has been used to monitor and evaluate the habitat over
the Western Riverside County MSHCP. The plan attempts to conserve over 500,000 acres of
land, the largest MSHCP ever attempted, and is an integral piece of the network of Southern



California Habitat Conservation Plans and Natural Community Conservation Planning (Dudek
2001, Dudek 2003).

ll. Western Riverside County Update Mapping Methodology

A. Overview

The major tasks for the Update project consisted of updating the original mapping classification
to conform to the changes and refinements to the MCV2 classification, updating the existing
vegetation map to 2012 conditions, retroactively correcting the 2005 vegetation interpretations,
creating the final report and project metadata, and producing the final vegetation geodatabase.

After completion of the original 2005 vegetation map, CDFW crosswalked the original mapping
units to the NVCS hierarchical names as defined in the Manual of California Vegetation (MCV).
The original crosswalk was revised during the Update effort to reflect changes in the original MCV
classification as depicted in the second edition (MCV2). Changes were minor and did not result
in a significant effort in the updating process.

The updating process in many steps is similar to the creation of the original vegetation map. First,
photo interpreters review the study area for terrain, environmental features, and probable
vegetation types present. Questionable photo signatures on the new baseline imagery (2012
NAIP) were compared to the original 2000/01 Emerge imagery. Photo signatures for a given
vegetation polygon were correlated between the two image datasets.

Production level updates to the linework and labeling commenced following the correlation of the
two baseline image datasets and the subsequent refinement of photo interpretation criteria &
biogeographical descriptions of the types. Existing datasets depicting topography, fire history,
climate and past vegetation gathering efforts aided photo interpreters in their delineations and
floristic assignments during the updating effort. The production updating effort took approximately
11 months.

B. Project Materials

Baseline Imagery used for the Photo Interpretation

The 2012 NAIP imagery served as the baseline imagery for the Update project. Although photo
interpreters had access to higher resolution imagery, the NAIP imagery is a widely distributed and
low cost product available to the public, and it was considered important to reference the data to
source imagery available to all agencies both local and statewide. The 2012 NAIP imagery
captures conditions in the mapping area shortly after the onset of the dry season in the month of
June and depicts conditions after a lower than normal rainfall season. Image resolution (Image
Pixel Size) is 1 meter and is natural color.



Online Imagery

While the NAIP 2012 imagery serves as the baseline imagery for floristic assignments, several
online image datasets aided photo interpreters in defining floristic types and further refining the
delineations of the vegetation stands. Imagery from Google Earth and the online imagery
available through E s r Ar@G$S Online (typically Bing) were also used, as needed. The dates of
the online imagery from Esri were unknown and variable but the dates of the imagery used in
conjunction with Google Earth (GE) were acknowledged. Online imagery acquired through Esri
was able to be geo-referenced to the polygon delineations. The GE imagery was used as a follow-
on tool on an adjacent screen.

Important note: All updates to vegetation type and cover stature assignments are referenced
temporally to the 2012 NAIP Imagery.

The table below shows all image datasets used in the mapping effort. Those denoted with an

asterisk were accessed through on-line technology. NAIP 2014 imagery became available about

midway through the project and was used to help Acompl et e the storyo of
scenarios in the mapping area. When noted, severe burns reflected on the 2014 imagery were
mentioned in the comments field.

Image Name Year Created Resolution Color
EMERGE 2000-2001 1-meter Natural Color
NAIP 2014 1-meter Natural Color
NAIP 2012 1-meter Natural Color
NAIP 2012 1-meter CIR

NAIP 2010 1-meter Natural Color
NAIP 2005 1-meter Natural Color
*Google Earth | Variable Variable Natural Color
*Esri Variable Sub-meter Natural Color

Ancillary data

The following is a list of other datasets used by the photo interpreter in the mapping process.

Ancillary Data
WRIV 2002 Rapid Assessment & Recon Points (CNPS)
WRIV 2002 Quick Recon Points (AIS & CNPS)
CA Fire Data i Fire Perimeters through 2013
Western Riverside County Ag. Coalition Data
USGS Contour Data




Esri online Topo Maps
Esri online USA Topographic Maps

The use of contour data derived from digital elevation models and supplementary information
from the ancillary datasets such as the ones in the table above are an important source of data
for the photo interpreter. Vegetation communities have a wide range of image signature
characteristics and overlapping signatures between differing vegetation communities can be
extensive. It is therefore necessary for the photo interpreter to have a thorough understanding of
the topographical setting (slope steepness, direction of the slope, shape of the slope, position of
the vegetation stand on the slope) in addition to modal elevation in which the vegetation
communities occur. These biogeographic variables along with substrate characteristics, flooding
frequency and severity are but just a few of the features that help in defining where a stand of
vegetation occurs in the landscape.

C. Retro-Mapping

A unique feature of the update process is the concept of retroactivelyc or r ect i-magp giimged r o
the original 2005 dataset, in order to create a more accurate baseline for change analysis studies.

These types of corrections were due primarily to the differences in resolution between the original

2000/01 Emerge imagery and the higher resolution 2012 NAIP (and the even finer resolution

ancillary image datasets) available to the photo interpreters for the 2012 Update.

There were only minimal geospatial differences between the Emerge 2000/01 and NAIP 2012
imagery and most discrepancies were extremely difficult to quantify due to the lower quality and
resolution of the Emerge dataset. Since this was an update product and not a geo-referencing
exercise, the base 2005 linework was not revised when there was no change in vegetation and
the image registration issues were minimal to imperceptible. An exception to this guideline was
for slight geo-referencing issues along riparian corridors and woodlands, typically caused by tree
canopy shadowing. In these situations polygon boundaries were typically reshaped to better fit
the 2012 NAIP imagery. (Figure 3)

Figure 3: NAIP Image to the left depicts improved registration of a
boundary that was delineating the shadows of canopy on the 2000
imagery. Red liné 2000 vegetation line; Black lirie2012 NAIPT The
box represents ¥ acre.




Retro-mapping of 2005 polygon attributes were more numerous than retro-line adjustments. In
general, error levels were minimal. Typical revisions involved updating the cover density range
for the polygons. During the 2005 mapping effort, the low sun angle of the 2000/01 Emerge
imagery gave a false impression of higher vegetation density, resulting in a slight overestimation
of the cover density assignment. Figure 4 illustrates a typical situation: in 2005, the chaparral
polygon was assigned a cover density of 40-60% but the higher resolution 2012 image shows
cover density of 25-40%. No physical change, fire or disturbance, was observed on the 2012
therefore the 2005 density class was revised to reflect the more correct lower density range.

Figure 41 Comparisons between 2012 (left) and low sun angle 2000 (right) imagery.
Shrub cover in this example changed little and cover estimates were lowered on the
original vegetation map from a Cover Class 4 to a 3. (40-60% down to a 25-40%)

D. Mapping Classification

The 2005 Western Riverside Mapping Classification (MapUnit2005 field) was developed by AIS
photo interpreters before the final floristic classification was completed by CNPS. The mapping
classification types were reviewed by DFW ecologists and accepted as valid types that upon
completion of the Vegetation Alliances of Western Riverside County in August 2005 were
integrated into the NVCS hierarchy. The mapping classification is currently crosswalked into
existing NVCS groups, alliances and associations.

In updating the 2005 database to the 2012 NAIP imagery, photo interpreters used a combination
of the original mapping classifications (in order to evaluate the vegetation consistently with the
way it was done in the original mapping effort) and existing NVCS defined types in evaluating the
2012 vegetation. Vegetation updates were completed using the most recent version of the NVCS
as depicted in the Second Edition to the Manual of California Vegetation (MCV2).

Users should refer to the Vegetation Alliances of Western Riverside County, CA Final Report for
localized descriptions of the alliances and associations used in the WRIV 2012 Vegetation Map.
Users of the product should refer to the MCV2 for regional descriptions at the alliance level from
a statewide perspective.




E. Field Reconnaissance

Since most of the signature correlations to the vegetation types were already accomplished during
the original mapping in 2005, minimal reconnaissance was needed for the updating effort. During
the vegetation updating process, no new floristic types, either at the association or alliance level
were identified. Most non-spatial updates involved changes in cover density. Floristic change
(such as from one vegetation type to another) more often than not, remained within the same
alliance. For example, a stand of dense pure chamise (defined to the Chamise Association) that
underwent a burn and was recovering with a combination of coastal scrub and chamise would be
classified a Chamise Alliance, a more generalized category in the hierarchy. This type of change
to a vegetation pattern does not require additional field reconnaissance in most circumstances.

However, for the 2012 Update, several days of reconnaissance were undertaken to verify
commonly occurring changes to the vegetation. During this effort, no GPS points were acquired;
generalized observations of change were characterized when repeated over the landscape.
Throughout the production update phase, photo interpreters used existing reconnaissance and
rapid assessment point data gathered during the reconnaissance effort in 2002. These included
over 5,000 points (Figure 5), some of which were removed during this effort since they were
located in US Forest Service Lands not mapped in the 2012 mapping effort.

Figure 5: Rapid Assessment & Field Reconnaissance Points
* 2002 RA Points (CNPS)

® Reconnaissance Points (CNPS & AIS)




lll. Photo Interpretation and Mapping Procedures
A. Photo Interpretation Process

Photo interpretation is the process of identifying map units based on their photo signature. All
land cover features have a range of photo signatures. These signatures are defined by the color,
texture, tone, size, and pattern exhibited on the aerial imagery. By observing the context and
extent of the photo signatures associated with specific land cover types, the photo interpreter is
able to identify and delineate the boundaries between plant communities or signature units on a
digital image or map.

It should be noted that vegetation stature as well as the scale and resolution of the aerial imagery
determine the visibility of individual plants. Trees and shrubs are usually visible as individuals on
high-resolution digital imagery. However, grasses (other than bunch grass clumps) are rarely
seen as individual plants.

Environmental factors such as elevation, slope, and aspect also play an important part in the
photo interpretation decision-making process. Knowledge of these factors, and how plant
communities respond to them, guides a photo interpreter in choosing from among other plant
types with similar photo signatures. Ultimately, such knowledge enables vegetation mappers to
create biogeographical models of expected vegetation communities where the vegetation types
are indistinct on the imagery. This ecological approach produces a more accurate product than
would be created by relying solely on extracting information from the imagery, which is subject to
variations in color, clarity and ground conditions.

The detailed descriptions of each vegetation type mapped in the study area, found in the CNPS
Vegetation Alliances of Western Riverside County, include examples of the types of information
the photo interpreters incorporate into their understanding of the models. Some examples of these
models include how one alliance may favor broad floodplains, while another is found in the
immediate fringe of narrow well-defined channels. Some alliances may flourish on disturbed sites,
while others cannot tolerate multiple frequencies of high intensity disturbance events such as fire.
Moreover, some alliances are ubiquitous and found in a variety of settings.

These descriptions also discuss the importance of various plant species in the alliance.
Frequently, complicated relationships exist between the relative covers of plants, such as in
alliances named for indicator species having lower percent cover than other species present.
Thus, both environmental setting and rules regarding relative cover factor into the intelligent
delineation of vegetation polygons.

B. Map Updating Process

Update mapping is the process of revising the spatial and attribute data of an existing dataset
using current sources of information for the purpose of change detection and trend analysis
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studies. (2012 i Aerial Information Systems, Inc. New Jersey Department of Environmental
Protection i 2012 Land Use / Land Cover Update & Impervious Surface Mapping Project).

For the Western Riverside Vegetation Mapping Update, linework and vegetation code
assignments (floristics and stature) from the 2000/01 EMERGE Imagery was updated using the
2012 NAIP. Both sets of images were determined as the baseline datasets for the two efforts. It
was determined, that geo-spatial differences between the two datasets were minimal, and the
cost would be prohibitive to correct linework created in 2005 to the 2012 NAIP when differences
were negligible.

The following is a step-by-step summary of the processes involved in updating the vegetation
map.

a. Each polygon was reviewed for change (either floristic type, cover, or
disturbance related). Photo interpreters reviewed the polygon over the 2000
imagery and then the 2012 NAIP image.

b. If no change was detected, photo interpreters reviewed the polygon
configuration, floristic and cover assignments for possible retroactive change
to the original 2005 vegetation map. Changing the original map using higher
resolution imagery allows for a more realistic comparison when actual change
is real. Retroactive updates (retro-code or retrofit) are to be expected in any
vegetation update process where producers have a much clearer picture of the
past and present conditions due to higher quality imagery. Most retroactive
updates to the 2005 vegetation map were minor and were changed only at the
finest levels of the classification. Note: Retroactive changes to the original
product makes the earlier version delivered in 2005 obsolete. When
reviewing the two datasets, it is important to use the 2015 delivery as the
baseline map. Although increased accuracy is not quantifiable, it is likely
that the 2005 retro-corrected map in the 2015 delivery is significantly
more accurate than the original product. Comparisons of the two
deliveries will highlight where retroactive changes occurred.

c. If a change was detected in either the stand configuration or
floristic/physiognomic coding assignments, photo interpreters would make the
change and code the updated portion of the polygon with a new set of fields
that informs the user as to which version of the map is assigned a particular

11



code. All historic attributes were kept intact. Note in Figure 6 the original
floristic coding of 4 polygons (dissolved out of the final database to depict 2000

conditions) representing differing chaparral and coastal scrub types on the
2000 imagery which was the base for the 2005 vegetation map. Note in Figure
7 the change in the previous four floristic types to agriculture (Dissolved out to
represent 2012 conditions). Adjacent stands of vegetation (not labeled) were

Figure7

Agriculttre

also updated to reflect floristic and cover reclassification based on adjacent
agricultural disturbance.

. The linework in Figure 8 reflects the aggregate of the two databases over the
2012 imagery. Note that each polygon carries with it all of the attributes from
the original 2005 vegetation map, (Floristic type, cover stature values,
disturbance values etc.) along with the updated 2012 values for the same fields.
All linework is contained within the one geodatabase.
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